Introduction {#sec1-1}
============

Diabetes mellitus (DM) is affecting over 217 million people worldwide, and its prevalence is expected to increase over the next few years.\[[@ref1]\] According to the World Health Organization (WHO), million people worldwide suffer from DM with at least 366 predicted to have the condition by the year 2030.\[[@ref2]\] Diabetic retinopathy (DR) is a vascular disorder affecting the microvasculature of the retina. DR is estimated to be the most frequent cause of new cases of blindness among adults aged 20-74 years. It is estimated that DM affects 4% of the world\'s population, almost half of whom have some degree of DR at any time of life.\[[@ref3]\] The population-based Wisconsin Epidemiologic Study of DR showed that from 1980 to 2007, the estimated annual incidence of proliferative DR (PDR) decreased by 77% and vision impairment decreased by 57% among persons with type 1 diabetes.\[[@ref4]\] The incidence and the risk of progression of DR have both declined over the past 30 years, from up to 90% to less than 50% due to improvement of medical care.\[[@ref5]\]

Periodontal disease, which is one of the most common dental problems and a major cause of tooth loss, is caused by a variety of oral plaque bacteria. Periodontal disease defined as an inflammatory condition of the soft tissues surrounding the teeth (i.e., gingivitis) and the destruction of the supporting structures of the teeth, including the periodontal ligament, bone, cementum, and soft tissues.\[[@ref6]\] There is increasing evidence indicating that periodontitis as risk factor of various of systemic diseases such as cardiovascular diseases and DM.\[[@ref7][@ref8]\] Periodontal disease is one of the most common chronic infectious disorders known in humans, with a reported prevalence varying between 10 and 60% in adults, depending on the diagnostic criteria.\[[@ref9][@ref10]\] There is an abundance of recent evidence of the epidemiological links between periodontal disease and DM complications. Several studies establishing the relationship among DM, periodontal health have been widely reported.\[[@ref11][@ref12][@ref13][@ref14][@ref15]\]

Various reports identified, however, no significant differences in the levels of periodontal disease between those subjects with and without DM.\[[@ref16][@ref17]\] Therefore, commentary of research findings should be made with caution because of the differences in the types and number of subjects, research design, definition of DM, periodontal parameters, and other clinical conditions. The objective of this cross-sectional study was to analyze the dental health status (i.e., level of periodontal disease, plaque index (PI), and community periodontal index of treatment needs (CPITN)) among Iranian residents with and without DM to emphasize the relationship between DM and periodontal disease and to analyze how diabetes retinal complications are related with periodontal parameters.

Materials and Methods {#sec1-2}
=====================

Subjects {#sec2-1}
--------

The subjects were type 2 diabetic patients of referral Diabetes Research Center of Imam Hospital, Sari City, to the clinic of dentistry to receive intensive dental health care after a trained interviewer explained the program to them and obtained informed consent between December 2010 and August 2012.

This study was approved by the Molecular Biology Research Center of Mazandaran University of Medical Sciences.

The patients were selected based on the following two criteria: Aged between 30 and 65 years and medically diagnosed type 2 DM. They were excluded if they had less than eight functional teeth, any ocular or systemic inflammatory diseases, intraocular surgery or laser photocoagulation, renal impairment (blood creatinine: 130 mol/L), chronic liver disease, or were receiving medical treatments that could influence the studied parameters such as antibiotics, antiepileptic, or immunosuppressive drugs. As a control group, we selected healthy individuals matched to the cases by both age and sex. These individuals were nondiabetic patients receiving treatment in the dental clinic of the same hospital. According to the data from previous study, we estimated that a total of 183 cases as well as 73 controls would be sufficient to detect an odds ratio (OR) of 3.00 with 80% power and alpha of 0.05, assuming a frequency of periodontal disease of at least 20% in the control group.\[[@ref18]\]

Medical examination {#sec2-2}
-------------------

The subjects assumed a routine clinical and laboratory evaluation, including information regarding blood glucose level and HbA1c, diabetes duration, and the type of diabetic treatment obtained from the medical records transferred from the department of internal medicine supervised by endocrinologist.

Ocular examination {#sec2-3}
------------------

Fundus examination was done by a trained ophthalmologist, and in case of any abnormality, this was documented by fundus fluorescein angiography. Retinopathy was defined by the presence of characteristic changes, including hemorrhages, exudates, laser marks, and fibrous proliferation, detected by ophthalmoscopy through dilated pupils. DR is classified either as nonproliferative DR (NPDR) or PDR.\[[@ref19]\]

Dental examination {#sec2-4}
------------------

The diagnosis and assessment of periodontal disease is based on clinical criteria. Clinical examinations were performed by dentists from the local dental association, which included the assessment of PI, CPITN, and periodontal disease severity of the subjects.

The PI was specified according to the hygiene index of O'Leary *et al*.\[[@ref20]\] The presence or absence of bacterial plaque was visually assessed at four points of each tooth, and the results were displayed as a percentage. Bacterial plaque was sampled by displacing a periodontal probe along the gum margins.

The CPITN is an epidemiologic tool developed by the WHO for the evaluation of periodontal disease in population surveys. It can be used to recommend the kind of treatment needed to prevent periodontal diseases according to standardized clinical criteria.\[[@ref21]\] The highest community periodontal index code was recorded in each segment (code 0: No signs of periodontal disease, code 1: Gingival bleeding after gentle probing, code 2: Supragingival or subgingival calculus, code 3: 4-5 mm deep pathologic pockets, code 4: 6 mm or deeper pathologic pockets, and code X: Missing index teeth). Periodontal status was divided into three categories according to this code: 0, 1 and 2, 3 and 4, and X. Maximum punctuation for the whole mouth was used as a treatment recommendation. Treatment needs:

No need for treatment;Need for oral hygiene instruction;Need for oral hygiene instruction + supragingival and subgingival scaling + root planning.

There is no universally accepted standard for periodontal disease diagnosis. For this study, periodontitis was defined as presence of any sites exhibiting probing depth (PD) ≥ 4 mm or clinical attachment loss (CAL) ≥4 mm. PD was defined as the distance in millimeters from the gingival margin to the apical part of the pocket. The CAL was calculated from recession and PD measurements and represents the distance from the cementoenamel junction to the most apical portion of the sulcus/pocket in millimeters. The severity of periodontal disease was measured in quartiles of the mean levels of PD and CAL. In addition, we also used the criteria from the study of Offenbacher *et al*., on periodontal disease, which defined periodontal disease as any site with PD ≥ 4 mm and CAL ≥3 mm and severe periodontal disease as at least four sites with PD ≥ 5 mm and four sites with CAL ≥ 3 mm.\[[@ref22]\]

Statistical analysis {#sec2-5}
--------------------

Univariable analysis was performed to compare the different periodontal disease measurements, as well as the characteristics of study population between the cases and controls. Chi-square tests were used to examine differences in proportions (e.g., periodontitis) and *t*-tests were used to examine difference in the means of PI. Chi-square tests for linear trend were used to examine the relationship between periodontal disease severity and DR. Multivariable logistic regression was used to examine the association between periodontal disease and DR and to adjust for potential confounding variables, including age, sex, and systemic hypertension. The adjusted OR and its 95% confidence interval (CI) were derived from the coefficients of the logistic models and the standard errors. The Statistical Package for Social Sciences (SPSS), version 18.0 was used for all the statistical analyses.

Results {#sec1-3}
=======

The medical history of 213 cases of diabetic patients with and without DR and 73 controls is shown in [Table 1](#T1){ref-type="table"}. Characteristics of subjects in each age group are similar. The percentage of females was higher than that of males. A total of 84 subjects (39.4%) were diagnosed as having DR according to medical examination and the previously mentioned criteria. The prevalence between males and females did not differ significantly. The durations of DM in individuals with and without DR were 10.5 (range 5-14 years) and 12.8 years (range 8-18 years), respectively. The patients with DR had higher levels of HbA1c (*P* \< 0.001) compared with the patients without DR. There was a significant relationship between the severity of DR and duration of diabetes (*P* \< 0.001).

###### 

Characteristics of study population

![](NAJMS-6-139-g001)

In effect, on examining the periodontal conditions of the diabetics versus the control group, no statistical significant differences were observed in terms of the PI, so the conditions of oral hygiene were similar in both groups. However, significant differences were recorded in CPITN, and periodontal disease severity. Type 2 diabetic patients with DR had higher CPITN (*P* \< 0.001) and more severe periodontal disease (*P* \< 0.001) compared with patients without DR in the same group \[[Table 2](#T2){ref-type="table"}\].

###### 

Periodontal disease and diabetic retinopathy

![](NAJMS-6-139-g002)

The severity of periodontal disease was significantly correlated with the severity of DR (*P* \< 0.011), and the risk of PDR was significantly higher in the presence of periodontal disease OR = 2.80, *P* \< 0.029). There was a significant relationship between the severity of periodontal disease and HbA1c level, but failed to identify a relationship between periodontal disease and duration of diabetes (*P* \< 0.001 and 0.288, respectively).

Discussion {#sec1-4}
==========

The suggested mechanism for diabetic effects on periodontal disease is that diabetes-enhanced inflammation specifically affects periodontal tissues.\[[@ref23]\] Moreover, the increased severity of periodontal disease in DM may indicate an alteration in the breakdown of periodontal tissues, resulting in more frequent periodontal-tissue destruction which is also affected by poor metabolic state.\[[@ref24][@ref25][@ref26]\] Chronic anaerobic periodontal infections possibly influence poor glycemic control and increase the risk of diabetes complications.\[[@ref14][@ref27][@ref28]\] Poor-control diabetics exhibited an increased percentage of calculus and greater risk for periodontitis.\[[@ref29]\]

Epidemiological studies showed periodontal impairment was significantly more frequent and severe in subjects with type 2 DM.\[[@ref30][@ref31][@ref32][@ref33]\] Eldarrat described a significant association (*P* \< 0.05) between glycemic control and oral infections and between the duration of diabetes and denture problems.\[[@ref34]\] Periodontal therapy could improve metabolic control in diabetic patients.\[[@ref35][@ref36]\] However, several reports detected no significant differences in levels of periodontal disease between subjects with and without DM.\[[@ref16][@ref17]\] Diversity in types of subjects (i.e., race) and degree of diabetes or other medical conditions might have produced these conflicting results.

The present study investigated type 2 diabetics with presence or absence of retinopathy, which also compared with a healthy group of age-and sex-matched controls. The two groups had healthy lifestyles and presented similar oral hygiene in terms of bacterial plaque, thus contributing to homogenize the study series. In the present study, we observed a positive relationship between CPITN and the severity of periodontal diseases with retinal complications of DM. As reported by several studies a correlation between complications inherent to DM, such as DR or nephropathy, and an increased degree of periodontal inflammation.\[[@ref37][@ref38]\] Noma *et al*., described a significant relationship between the severity of periodontal disease and DR, with high IL-6 concentrations in the retinal vitreous fluid of the studied patients.\[[@ref15]\] Although the reasons for this increase had not been appointed, the presence of immune alterations in these patients, with the subsequent increase in inflammatory mediator production, could be responsible for the damage observed both at periodontal level and elsewhere. Whether periodontal disease is a risk factor for DR or a coincidental finding remains to be determined.

In the present study, we found that despite similar PIs in both groups and control, the diabetics showed a significantly higher gingival bleeding, based on gentle probing of the gingival sulcus may be suggestive of greater periodontal vulnerability. These observations are similar with most studies that consider diabetics to show greater periodontal inflammation in response to the accumulation of bacterial plaque.\[[@ref39]\] We also detected more periodontal attachment loss and more pathological periodontal pockets in the diabetic patients than in the control group in concordance with the observations of Oliver and Tervonen.\[[@ref40]\]

Bajaj *et al*., recently demonstrated that retinal microvascular complication of DM was found in 50% of patients with oral diseases.\[[@ref41]\]

Our results indicate a probable relationship between type 2 DM with retinal microvascular complication and periodontal disease, and a tendency for diabetics to have greater CPITN and more periodontal disease severity than nondiabetics. Hence, the current results support most previous studies that DM is associated with periodontal disease, and that the outcome of periodontal destruction is significantly more frequent and severe in subjects with DR.

There was a significant relationship between periodontal disease and severity of DR, but it was unclear whether periodontal disease directly affects the progression of DR because this was a cross-sectional study. Further prospective studies, using a large population, and rigorous systemic evaluation, are necessary to confirm the association between DR and periodontal disease.
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